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PHARMACEUTICAL COMPOUNDS 



This invention relates to pharmaceutical compounds exhibiting somatostatin-like activity, the method of 
preparation of such compounds and their use in the regulation of hormone secretion in the body. In 
particular, the pharmaceutical compounds are somatostatin analogs comprising a cationic anchor connected 
to a somatostatin-like cyclic peptide. 
5 Somatostatin is a naturally occuning compound of the formula: 



Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser~Cys-OH 

It is well known in the art that somatostatin has powerful biological effects as an inhibitory hormone in many 
tissues. For example, somatostatin blocks secretion of growtii hormone from the pituitary, secretion of 
gastric acid and pepsin from the stomach lining, and release of both glucagon and insulin from the 
pancreatic islets. Somatostatin also acts to inhibit the absorption of glucose, amino acids and fat from the 
gastrointestinal (Gl) tract as well as inhibit Gl motility. 

Because tiie naturally occum'ng somatostatin has a very short duration of action In the body, attempts 
have been made to create compounds that are longer acting and more potent than somatostatin, while 
retaining tfie characteristics of somatostatin, i.e. "somatostatin-like" compounds. Modifications of the amino 
acid sequence of somatostatin have, in some instances, resulted in an increase in potency, duration of 
action, relative specificity and other desirable traits. 

Somatostatin-like compounds for use as growth hormone secretion inhibitors are described in U.S. 
Patent No. 4.291.022 issued September 22. 1981. The compounds are derivatives of naturally occuring 
somatostatin. 

Somatostain analogs comprising a cyclic hexapeptide in which seven of tiie ring amino acids of 
somatostatin have been deleted are described in U.S. Patent No. 4.310,518 Issued January 12. 1982. The 
compounds are shown to inhibit the release of growth hormone, insulin and glucagon. 

Cyclic hexapeptides and bridged cyclic somatostatin analogs for use In the treatment of Immediate 
hypersensitivity are disclosed in European Patent Application 0 222 578, assigned to Merck & Co. Inc. The 
use of somatostatin analogs for the treatment of dermatological diseases is disclosed in European Patent 
Application 0 175 644. assigned to Sandoz AG. 

Cai. et. al., Proc. Natl. Acad. Sci. USA 83: 1896 (1986) describe an octapeptide analog of somatostatin 
that shows proiongetT^ration of action in the Inhibition of growth hormone release as compared to 
somatostatin. Data was also presented showing some inhibition of tumor growth. 

Bauer, et. al.. Ijfe Sciences 31:1133 (1982) describe specific analogs of somatostatin exhibiting 
prolonged action and a three fold increase in potency over somatostatin In inhibiting the secretion of growth 
hormone. The octapeptides described were specifically modified at the cysteine residues of tiie molecule 
and were shown to have particular value in tiie treatment of acromegaly. 

United States Patent No. 4,342,671 issued August 3. 1982 describes somatostatin analogs with 
selective modifications at certain positions within tiie peptide. The modified somatostatin analogs were 
shown to have the same activity as the native molecule. 

Kurashima. et.al., Ufe Sciences 41^:1011 (1987) describe the effects of highly potent octapeptide 
analogs of somatostatin on growtii hormone, Insulin and glucagon release. 

Redding and Schally. Proc. Nati. Acad. Sci. USA 80:1078 (1983) describe the use of somotostatin 
analogs in tiie Inhibition of growth of transplantable rat chondrosarcoma. 

Moreau. etal.. Life Sciences 40:419 (1987) provide a recent mini-review of tine current woric being 
conducted in the area of somatostatin and somatostatin analogs. Therapeutic advances and ongoing 
pharmacological studies are discussed. 

In the Instant invention, tiie addition of a cationic anchor caused an increased duration of action and 
greatiy increased specificity of action. The cationic anchor of the instant invention is of the N**'alkyl basic 
amino acid class, botii natural and non-natural. The use of non-naturally occurring amino acids of the 
N^alkyl amino add class incorporated into antagnostic analogues of luteinizing hormone-releasing honnnone 
(LH-RH) as a means to stabilize a hypotinesized phospholipid membrane interaction has recentiy been 
described. Nestor. et.al.. J. Med. Chem. , 31:65 (1988). However, the Incorporation of cationic anchor in a 
somatostatin analog structure has not been disclosed before. There is scientific evidence suggesting ihaX 
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the specificity of Iigand-receptor Interaction may Involve llgand phospholipid membrane interaction 
(Schwyzer, Biochemistry 25:6335 (1986). The addition of the cationic anchors described herein to 
somatostatin-iike cyclic peptides has resulting In greatly increased potency, duration of action and 

selectivity of action. u ^ *^ 

5 The key aspect of the compounds of this invention is tiie combination of a cationic anchor attached to a 
somatostatin-like cyclic peptide, either directly or through a spacer. As a result of the attachment of the 
cationic anchor, the compounds of the invention show enhanced activity, duration of action, and specificity. 
One embodiment of the Invention is a compound of the formula 

'° X-Cys-D-E-Trp-E-F-Cy's-T (D 
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and the pharmaceutically acceptable salts ttiereof wherein. 
X is an N-terminus anchor; 

Y is a C-terminus anchor, G-l or alcohol of G-l; wherein at least one of X and Y is a cationic anchor; 
D Is Phe. Tyr, pF-Phe. pCI-Phe; 

E is Lys or Lys{Ri) wherein Ri Is a lower alkyi or fluoroalkyi of from 1 to 8 carbon atoms; 
F is Thr. Val, Sen 

G is D or L configuration of Thr, Phe. or Nal(2); and 

I is -OH. -NHR2 where R2 Is H or a substituent selected from Ri above. 

Another embodiment of the invention Is a somatostatin-like compound of the formula: 



25 



X-Cys-Lys-Asn-Phe-D-STrp-E-F-Phe-Tlir-Ser-Cys-T 



(ID 



and the pharmaceutically acceptable salts thereof wherein, 
30 X is an N-terminus anchor; . 

Y is a C-terminus anchor. G-l or alcohol of G-l; wherein at least one of X and Y is a cationic anchor; 

D is Phe, Tyr. pF-Phe. pCI-Phe; « ^ ^ 

E is Lys or Lys(Ri ) where Ri is a lower alkyi or fluoroalkyi of from 1 to 8 carbon atoms; 

F is Thr. Val, Sen . . . « ^ 

35 G Is D or L configuration of Thr. Phe. Nal(2). or (Gly)m. and m is 0 to 3; and 

I is -OH. -NHR2 where R2 is H or a substituent selected from Ri above. 

In yet another embodiment of the invention a method for preparing ihe compounds of tiie mvention and 

Dharmaceutically acceptable salts ttiereof is described. The method comprises removing protecting groups 

and, optionally, covalentiy bound solid support from a protected polypeptide to afford a compound, wherein 
40 the compound comprises: (a) a cyclical peptide having somatostatin-like activity, and (b) a catonic anchor 

attached to one or both of the cysteine residues of the peptide. 

In particular, the methods for preparing a compound of the fonmula: 
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X-Cys-D-E^Trp-E-F-Cy's-T 



(I) 
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and the pharmaceutically acceptable salts thereof, 
wherein. X. Y. D. E and F are as defined above; comprise: 

(a) removing protecting groups from a compound of the fomnula: 



pi) ~X~Cys~D~Ii-Trp— E— F~Cys~T~( S ) 
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wherein, 

X, Y. D, E and F are as defined above; 

P\ p2 p3 and are protecting groups wherein P^ is an o-amino protecting group. P^ is a hydroxyl 
protecting group, P^ is an N"^-protecting group and P* is an e-amino protecting group; 
S is a carboxyi protecting group; and 

each of a. b, c, d. e and f is an integer equal to 0 or 1 . provided tiiat all of a to f cannot be 0; or 

(b) simultaneously removing protecting groups and a polymeric support from a compound of the 
formula: 
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IS 



(pl) „x~c!ys~D~2-Trp~E— -F— Cys--Y~(S ' ) 



I 



wherein, 

X. Y, D. E, F. P^ P2. P3 and P* are as defined in paragraph (a) above; 

each of a. b, c. d and e is an integer equal to 0 or 1, provided that all of a to e cannot be 0; and 

S' is a polymeric support; or 

(c) removing a polymeric support from a compound of the formula: 



25 X— Cys— D— Ii-Trp~E~F~Cys— Y~(S ' ) 



wherein, 

X. Y, D. E. F and s' are as defined in paragraph (b) above; or 
30 (d) oxidizing a compound of the formula: 

X-Cys "D-D-Trp"E--F--Cys --Y 

I - I 

SH SH 
wherein, 

X. Y, D, E and F are as defined in paragraph (a) above; or 
35 (d) converting a compound of the formula I to a pharmaceutically acceptable salt; or 

(e) converting a salt of the compound of the formula I to another pharmaceutically acceptable salt; or 

(f) converting a saH of the compound of the formula I to tiie free peptide; and tiie methods for 
preparing a compound of the formula: 

^ X-Cy s -Ly s -Asn-Phe-D-2-Tr p-E-F-Phe-Thr - S e r -Cy s -T ' (II) 



wherein 

X. Y, D, E and F are as defined above, and tiie pharmaceutically acceptable salts tiiereof. comprise: 
(a) removing protecting groups from a compound of the formula: 



50 




wherein, 

X. Y, D. E and F are as defined above; 
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P\ P2. p3 and are protecting groups wiierein is an o-amino protecting group, P^ is a hydroxyl 
protecting group. P3 is an N'"-protectlng group and P* is an €-amino protecting group; 
S is a carboxyl protecting group; and 

each of a. b. c. d. e. f, g. h and Ms an integer equal to 0 or 1 , provided that all of a to i cannot be 0; or 

(b) simultaneously removing protecting groups and a polymeric support from a compound of the 
formula: 
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(P^) -x-Cys^Lys-Asn-Phe-D-fi-Trp-E-r-Phe-Thr-Ser-Cy^ 



g 



wherein, 

X Y D E F P', P' and P* are as defined in paragraph (a) above; 

each of a.'b.'c, d. e. f. g and h is an integer equal to 0 or 1. provided that all of a to h cannot be 0; and 
20 S' is a polymeric support; or 

(c) removing a polymeric support from a compound of the formula: 



X_Cys-Lys-Asn-Phe-D-2-Trp-E-F-Phe-Thr-Ser-Cys-Y-(S ' ) 

wherein, 

X, Y, D. E, F and S' are as defined In paragraph (b) above; or 

(d) oxidizing a compound of the formula: 
X-Cys -Lys-Asn-Phe-D-D-Trp-E-F-Phe-Thr-Ser-Cys -Y 
I — 

SH ®" 
wherein, 

X. Y D, E and F are as defined in paragraph (a) above; or 

(d) converting a compound of the formula II to a pharmaceutically acceptable salt; or 

(e) converting a salt of the compound of the formula II to another pharmaceutically acceptable salt; or 

(f) converting a salt of the compound of the fonmula II to the free peptide. 

In yet another embodiment of the invention a composition for effective treatment of an individual is 
described wherein the pharmaceutical composition comprises an effective amount of a compound of the 
invention, optionally with a recognized pharmaceutical canier. 
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Abbreviations and Definitions 

AS set forth above, and for convenience in describing this invention, the conventional abbreviations for 
the various common amino acids are used as generally accepted in the peptide art as recommended by the 
lUPAClUB Commission on Biochemical Nomenclature. Biochem. J. 219:345 (1984). All peptide sequences 
mentioned herein are written according to the generally accepted convention whereby ttie N-terminal amino 
acid Is on tiie left and the C-terminal amino acid is on tiie right. 

The abbreviations herein represent L-amino adds unless otherwise designated as D- or D,L-, Certain 
amino adds, both natural or non-natural, are achiral, e.g. glycine. 

Non-naturally occurring amino acids are designated as the appropriate amino acid witii the substituent 
in pararenttiesis. For example, 

Lys(Ri) Is lysine with an Ri substituent on the «*-amlne. and .^„»u^ 
Afg(R,.R2) and hArg(R,.R2) are arginine and homo-arginine, respectively, witii an R, substituent on the «• 
nifroge'n and an R2 substituent on the «'-nitrogen of the guanldino moiety. 

Specific abbreviations of non-naturally occun-lng amino acids will be useful in describing tiie invention. 
Representative non-naturally occuring amino acids which can be employed include tiie following: 
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frm^pr> arid residue 
3- ( 2-naphthyl ) -alanyl 
3-(p-fltJorophenyl)-alanyl 
3-(p-chlorophenyl)-alanyl 
*N,N' -guanidino-dimethyl- 

homoarginyl 
*N , N • -guani d ino- ( d i ethyl ) - 

homoarginyl 
*N,N'-guanidino-(dipropyl)- 

hoffloaiginyl 
*N,N'-guanidino-(diisopropyl) 

homoarginyl 



Ahhreviation 
Nal(2) 
pF-Phe 
pCl-Phe 

Dmh, or hArg(lle)2 
Deh, or hArg(Et)2 
Dph, or hArg(Pr)2 
Dih, or Arg (iPr) 
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*N , N ' -gtiani d ino-^< d iheay 1 ) - 

homoarginyl 
*N,N'-guanidino-(ethano)- 

homoazginyl 
*N , N ' -gtiani d ino- (propano ) - 

homoarginyl 
*N,N ' -guanidino-bi8-(2 ,2,2- 

trif luotoethyD- 

homoarginyl 
*N-gTaani d ino- ( ethyl )- 

homoarginyl 
*N-gTianidino-<propyl)- 

homoarginyl 
*N-gtiani d ino- ( i sop ropyl ) - . 

homoarginyl 
*N-gTaan i d ino- ( butyl ) - 

homoarginyl 
*N , N ' -guanid ino- ( dicydohexy 1 ) • 

homoarginyl 
*N-guani d ino- ( hepty 1 ) - 

homoarginyl 
*N-gtiani d ino- ( ethyl ) -ar g iny 1 
*N-guani d ino- (hexyl , methyl ) - 

arginyl 
*N-guanidino-(bntyl ,methyl)- 

arginyl 
*N*'-isopropyl-lysine 
*N,N«-gtianidino-(diisopropyl)- 

arginyl 

*N ,N' -gtiani d ino- (dicydohexyl) 
arginyl 



Dhh, or hArgChexyDj 

Eha or hArg(CE2)2 

Pha, or hArg(CH2)3 

Bth, or 

hArg(CH2Cr3)2 

Meh, or hArg(Et) 

Prh, or hArg(Pr) 

Iph, or hArg(iPr) 

Mbh, or hArg(Bu) 

Dch, or 

hAr g ( eye 1 ohexy 1 ) 2 
Hha, or hArg(heptyl) 

Mea, or Arg(Et) 
Hmh, or 

hArgChexyl , methyl) 
Bmh, or 

hAr g ( butyl , methyl ) 
Ipl, or Lys(iPr) 
Dia, or Arg(iPr)2 

Dea, or 

Arg(cyclohexyl)2 
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*N,N'-gtianidino-bis(3,3,3,2,2- Bph 

pent af Itio r opr opy 1 )honioar ginyl 
*N.N«-gtianidino-(3,3,3,3,3- Fph 

pentaf l-uoroptopyl)homoarginyl 
*N®-ethyl,N^'-(2.2.2-tri- Efh 

f Itiotoethyl )honioatgiiiyl 
*N , N • -gtianidino-Cdiethyl )arginyl Dea 
*N,N'-gtianidiiio-bis(2,2,2- Bta 

trifluoroethyD-arginyl 

The asterisked non-naturally occuring amino acids can function as cationic anchors in accordance with 

*'^The non-naturally occuring amino acids described herein are prepared by methods well known to those 
skilled in the art and may be used in either solution phase or solid phase peptide synthesis procedures. 

(See. for example, Nestor, et.al.. supra (1988)). ^ u. . ^- «,» ,^^«l«H 

As used herein, the term "plwi^iaceutically acceptable safts" refers to salts that retain the desired 
biological activity of the parent compound and do not impart any undesired toxicoiogical effects B<amples 
of such salts are (a) acid addition salts formed with inorganic acids, for example hydrochloric acid, 
hydrobromic acid, sulfuric acid, phosphoric acid, nitric acid and the like: and salts fomied with organic acids 
such as, for example, acetic acid, oxalic acid, tartaric acid, succinic acid, maleic add, fumanc acid, g uconic 
acid, citric acid, malic acid, ascortsic acid, benzoic add. tannic add. pamoic add, alginic aad, Po>yg""ta^'C 
add naphthalenesulfonic adds, naphthalenedisulfonic acids, polygalacturonic acid: (b) base addition salts 
formed with polyvalent metal cations such as zinc, caldum, bismuth, barium, magnesium, aluminum, 
copper cobalt, nickel, cadmium, and the like: or with an organic cation fomied from N.N ^ibenzyiethylene- 
diamine or ethylenediamine; or (c) combinations, of (a) and (b). e.g.. a zinc tannate salt and the lil<e. 

The temi "alkyi" refers to a straight or branched chain saturated hydrocarbon radical having from 1 to 8 
carbon atoms. Bcamples of such alkyI groups with the correspondirig abbreviation induded in parenthesis 
include but are not limited to methyl (Me), ethyl (Et). n-propyl (Pr). isopropyl (iPr). n-butf\ (Bu). isobutyl 
(IBu). sec-butyl (s-Bu), tert-butyl (t-Bu). n-pentyl (Pe). n-hexyl (He) or branched 5 to 8 carbon membered 
radicals, and the like. 

Fluoroalkyl refers to lower alkyI substituted with 1 to 5 fluorine atoms, for example CF3CH2-. CF3-, 

CF3CF2CH2-, and the like. ^, ^ 

The abbreviation "N-Ac" refers spedflcally to the N-acetyl protecting group. i.e.. an acetyl group 
attached to a terminal amino add residue on the amine nitrogen, in confomiance with generally acceptable 

nomencla^w^ to the organic radical derived from an organic add by the removal of the hydroxyl group. 
Generally, the acyl is attached to a temiinal amino acid residue on the amine nitrogen. 

An anchor refers to a biologically acceptable, covalently-bound, amino add moiety that is attached to 
one of the Cys groups depicted in the compounds of formulae I and II. Amino acids moieties are derived 
from both naturally occuring amino adds, such as alanine, arginine, asparagine. aspartic acid, cysteine, 
glutamine, glutamic acid, glycine, histidine. isoleucine, lysine, methionine, phenylalanine, proline, senne. 
threonine, tryptophan, tyrosine, valine, and the like, and non-naturally occuring amino adds such as 
homocysteine, ornithine, homoarginine. ^-alanine, the non-natur^ly occuring amino acids listed 
hereinabove, and the like. A cationic anchor will have a positively diarged function. e.g. of the N "alkyl- 
baslc amino acid class, which may be attached to the peptide either directly or through a spacer. Examples 
of N"alkyl-baslc amino acids include arginine. homoarginine. lysine, ornithine and the asterisked non- 
naturally occuring amino acids listed hereinabove. When the cationic anchor is attached to the N-temiinus. 
a Thr-type amino acid residue, a hydrophobic amino add residue or another cationic anchor may be 
attached to the C-terminus. Examples of hydrophobic amino add residues include glydne. alanine, valine, 
leudne, isoleudne, tryptophan, phenylalanine, naphthylalanine. halo-substituted phenylalanine, and the like. 
When the cationic anchof Is attached to the C-terminus, a hydrophobic residue or another cationic anchor 
may be attached to the N-terminus. 

A somatostatln-like cyclic peptide is a cyclic peptidyl moiety having somatostatin receptor binding or 
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somatostatin-like biological activity. 

An alcohol of G-I refers to the alcohol derived from the amino acid moiety which G-l represents- For 

example, If G-l is Thr-OH, i.e. 

-NH-<jH-C-OH 
HC-OH 
CH^ 

the alcohol would be 
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-NH-(j:H-CH20H 
HC-OH 
CHo 
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Prefenred Embodiments 

One preferred embodiment of the invention Is a compound of formula I or II wherein X is a cationic 
anchor of the general formula: 
A-(B)m-(C)„ 

where A is acyl or H; , , . . « u * 

B is hArg(Ri.R2). Arg(Ri.R2) or Lys(Ri). where Ri is lower all(yl or fluoroalkyl of from 1 to 8 carbon atoms 

and R2 is H or a substituent selected from Rt or other arall<yl-baslc amino acids; 

m is an Integer from 1 to 3; 

C is a spacer such as Gly, Ala, j8-AIa; and 

n Is an Integer from 0 to 5. 

Compounds that are particularly useful are those where n is 0 or 1 . 

The cyclic somatostatin-lilce peptide with Its bound cationic anchor may be either the full dodecapeptide 
disulfide ring or the cyclic hexapeptide and ring-substituted analogs thereof. In a most prefenred practice of 
the invention the compound is 
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Ac-a-hAr g ( CH2CF3 ) 2-Gly-<irs-Phe-a-Trp-Lys-Thr-Cys-Thr- 
NH- or 



Ac-D-hArg (CH2CF3 ) 2-E-hArg (CH2CF3 )2-Gly-Cys-Phe- 
a-T r p-Ly 3 -Th r -ay's -Tht -NH2 or 



Ac-L-hArg(CH2CF3)2-Gly-Cys-Phe-B-Trp-Lys-Thr-Cys-Thr- 
or 

Ac-Il-liArg.(Et2)-Gly-C^s-Phe-I)-Trp-Lys-Thr-Cy's-Thr-NH2 
or 

Ac-n-hArg(Et2)-n-hArg(Et2)-Gly-Cys-Phe-a-Trp-Lys-Thr- 
C?s-Thr-NH2 or 

Ac-n-hArg(Et2)-Gly-c'ys-Phe-a-Trp-Lys(Me)-Thr-Cy's-Thr- 

and the pharmaceutically acceptable salts thereof. 
Other preferred compounds of the invention include: 
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Ac-hArg(Et2)-<31y-Cys-Phe-Ii-Trp-Lys-Thr-Cys-Thr-NH2 ; 
Ac-I2-hArg(Et2)-Gly-c!irs-Phe-E-Trp-Lys-Thr-Cy's-Tht-NH2 ; 
Ac-a-hArg (Bu) -Gly-(irs-Phe-D-Trp-Lys -Thr-Cy s-Thr-NH^ ; 
Ac-Ii-hArg(Et2)-<irs-Phe-]i-Trp-Lys-Tht-Cys-Thr-NH2 ; 

j 

Ac-I2-hArg(Et2)-Qrs-Phe-Ii-Ttp-Lys-Thr-Cys-Thr-NH2; 
Ac-a-hAtg<CH2Cr3)2-<<ys-Phe-Ii-Trp-Lys-Thr-Cys-Thr-NH2 ; 



Ac-hAtg<CE3 , hexyl )-Gly-c'ys-Phe-Ii-Trp-Lys-Thr-Cys-Thr- 
H-hArg(hexyl2)-Gly-(irs-Phe-li-Trp-Lys-Tht-Cys-Thr- 

Ac-12-hAtg(Et2 )-Gly-<irs-Phe-E-Trp-Lys-Thr-Cy's-Tht- 
NHEt; 

Ac-Il-hArg<Et2 >-Gly-Cys-Phe-C-Trp-Lys-Thr-Cy's-Phe-NH2 ; 
Ptopionyl-S-hArg(Et2)-Gly-(irs-Phe-Ii-Trp-Lys ( iPt )-Tht-Cys-Thr- 

Ac-B-Nal(2)-<31y-(^ys-Phe-E-Trp-Lys-Thr-Cys-Gly-hArs (Et ) 
NH2: 



Ac-C-Lys < iPr )-Gly-cfs-Phe-a-Trp-Lys-Tht-Cys-Thr-NH2 ; 

^^Morfgenerally. the compounds of the Instant invention wherein the peptide is a cyciic hexapeptide 
of the formula 

r-Cys-D-E-Trp-E-F- C?S-T (I) 
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and the pharmaceutically acceptable salts thereof wherein. 

X is an N-terminus anchor; .... . *u l u* 

Y is a C-terminus anchor. G-l or alcohol of G-l, e.g. G-l Is Thr. threoninol. phenylalaninol. and the like; 

wherein al least one of X and Y is a catlonic anchon 
5 D is Phe. Tyr. pF-Phe. pCI-Phe; 

E is Lys or Lys(Ri) where Ri is a lower alkyl or fluoroalkyi of from 1 to 8 carbon atoms, especially Lys or 

Lys(Kle); 

F is Thr. Val, Ser: 

G is D or L configuration of Thr. Phe. or Nal(2); and 
10 I is -OH. -NHR2 where R2 is H or a substituent selected from Ri above. 

Additional, more generic examples of the compounds of formula I. which are included as part of this 
Invention are the cyclic hexapeptides bound to the cationic anchor of the invention, including substituted 
versions thereof, e.g.. 

X^C^s-Phe-a-Trp-Lys-Thr-Cy's -Thr -NH2 ; 
X-dys-Phe-a-Trp-Lys-Thr-Cy's-Thr-NHEt 

20 

X-Cys-Phe-n-Trp-Lys-Thr-Cy's -Phe-NH2 ; 

25 

X-Cys-Phe-C-Trp-Lys-Thr-Cys-X ; 
30 X-Cys-Pl»e-n-Trp-Lys-Thr-Cy's-Thr-ol; 



Ac-2-Phe-Cys-Phe-a-Trp-Lys-Thr-Cys-X; 

and the like, where X Is the cationic anchor. 

Compounds also included within the scope of this invention are the compounds of formula (II), as 

follows: 
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X-Cys-Lys-Asn-Phe-D-n-Trp-E-F-Phe-Thr-Ser-Cys-T (II ) 



and the pharmaceutically acceptable salts thereof, wherein 
X is an N-terminus anchor; 

Y is a C-terminus anchor, G-l or alcohol of G-l; wherein at least one of X and Y is a cationic anchor. 
D Is Phe. Tyr. pF-Phe. pCI-Phe; 

E is Lys or Lys(Ri ) where Ri is a lower alkyl or fluoroalkyi of from 1 to 8 carbon atoms; 
F is Thr. Val. Ser: 

G is Dor L configuration of Thr, Phe. Nal(2), or (Gly)m. and m is 0 to 3; and 
I is -OH, "NHR2 where R2 Is H or a substituent selected from Ri above. 

Examples of the somatostatin-like analogs of formula II derived from somatostatin (cyclical dodecapep- 
tide) bound to the cationic anchor of this Invention include the following: 
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Ac-a-hArg(Et2)-Gly-Cys-Lys-Asn-Phe-Phe-1B-Trp-Lys-Thr-Phe- 
Thr-Ser-Cyt-OH; 

Ac-a-hArg (CHjCFj ) ^-Gly-cjjrs -Ly 8 -As n-Phe-Phe-E-Tr p-Ly s - 
Thr-Phe-Thr-Set-Cy^s-NH, ; 



Ac-hArg(CH2CF3)2-Gly-Cys-Lys-A8n-Phe-Phe-C-Trp-Lys- 
Thr-Phe-Thr-Set-E-Cy^s-NHEt ; and 

Ac-E-hArg (CHjCrj )2-Gly-Cys-E-Phe-Asn-Phe-Phe-I2-Trp- 
Lys-Tht-Phe-Th^-Ser-Ii-Cys-QH; and 



Ac-E-hAtg(.CH2CF3)2-Gly-Cy8-Lys-Asn-Phe-Phe-E-Trp- 
Ly 3 (Me ) -Thr-Phe-Tht -S e r -fi-Cy^s -NH2 ' 

Ac-E-hArg(Pr2)-c!srs-E-Lys-Asn-Phe-Phe-a-Ttp-Lys-Thr-Phe- 
Thr-Ser-Cy's-OH; 



Ac-n-hArgCMe.hexyD-Gly-Cys-Lys-Asn-Phe-Phe-D-Ttp-Lys-Thr- 



Phe-Thr-Set-Cy8-NE2 



More generally, the somatostatin-like cyclic peptide may be either the full dodecapeptlde somatostatin 
ring or ring-substituted analogs thereof bound to the cationic anchor of the invention, for example. 



so 
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X-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys-OH; 



X-Cys-Lys-Asn-Phe-Phe-n-Trp-Lys-Thr-Phe-Thr-Ser-Cys^OH 



X^Cys-Lys-Asn-Phe-Phe^n-Trp-Lys-Thr-Phe-Thr-Ser-Cys- 



X-Cys-Lys-Asn-Phe-Phe-Il-Trp-Lys~Thr-Phe-Tlir-Ser-£-Cys- 
OH; 



X-Gys-Phe-Asn-Phe-Plie-2-Trp-Lys-Thr-Phe-Thr-Ser-Cy's-OH 



and the like, where X is the cationic anchor. 

Many analogs with substitutions within the ring are known and are covered by the scope of this 
disclosure when the "cationic anchor" defined above is included. Compounds of this invention aiso include 
the corresponding reduced ring (i.e., disulfhydryl form). 

As discussed, substitutions within the cyclic dodecapeptide and hexapeptide fragments have been 
reported to yield active analogs. Somatostatin-like analogs having such substitutions are combined with the 
cationic anchors described herein to provide analogs with unexpectedly superior biological potency and 
selectivity. 

The modifications described herein have applicability to all known classes of somatostatin-iike analogs. 
The data suggests that the cationic anchor of the instant invention acts to facilitate the biological action of 
the peptide. This disclosure therefore encompasses not only those analogs specifically noted, but all 
somatostatin analogs having the disclosed cationic anchor on the peptide analog. 

In all of the above embodiments, the company may also be prepared as a conresponding pharmaoeuti- 
calty acceptable salt 

Utility and Assay Procedures 

The compounds of this invention are surprisingly potent and long lasting, exhibiting very high potency 
for inhibition of growth hormone secretion relative to inhibition of the secretion of insulin or glucagon. In 
particular, the larger compounds, i.e. peptides larger than hexapeptides, show increased inhibition of gastric 
acid secretion. 

A primary measure of somatostatin activity is the ability to moderate the production of insulin, growth 
hormone, and/or glucagon production in the body. 

Bioassays used for the determination of somatostatin effect on hormone regulation in the body are 
those recognized in the field and include by way of example, measurements of the inhibition of glucose- 
induced insulin release, insulin-induced glucagon release, and nembutal-or clonidine-induced growth hor- 
mone release. A more detailed description of the assays can be found in Examples 4, 5. and 6. 

The use of the somatostatin-like analogs of the Instant invention includes the treatment of somatostatin- 
regulated human disease states. Among these are applications in "Carcinoid Syndrome", peptic ulcers. 
Type II diabetes (Non-Insulin Dependent Diabetes/NIDD), ileostomy-caused diarrhea, suppression of en- 
docrine product secretion from "apudomas" and inappropriate secretion of glucagon and growth homione in 
diabetes and modulation of glucose and amino acid uptake from the gastrointestinal tract with particular 
application to the complications of diabetes including retinopathy, nephropathy, hypertension and coronary 
artery disease. 

The compounds of this invention may be used to cause tumor regression, especially those tumors 
expressing epidermal growth factor (EGF) receptors, for example, pituitary adenomas, brain tumors (e.g.. 
meningioma) tumors, abdominal (carcinoid) tumors, endocrine tumors and pancreatic tumors. (See. Lam- 
berts, ISI Atlas of Science: Pharmacology, pp. 179-184 (1988) and references cited therein). 
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Additional clinical applicaflons include, for example, gastrointestinal asoclated disease, including upper 
Ql bleeding, gastric and duodenal ulcers, stress gastritis and esophageal varices. Other Indications include 
acromegaly, hemorrhagic pancreatitis and pancreatic fistula, wound healing following abdominal surgery 
and alleviation of the symptoms of severe trauma and stress due to extreme hyperglycemia. 

The compounds of this Invention show an increase in the potency and duration of action in vivo 
compared to known somatostatin analogs. While not wanting to be bound by any theory or explanation of 
this observation. It is believed that the attachment of the membrane binding anchor to the somatostatin-like 
cyclic peptide results In a compound having increased membrane affinity which may cause an alteration in 
tissue partitioning of the analogs. Such properties lead to depoting onto the phospholipid membranes in the 
body thereby enabling the analogs to be retained within the body for a longer period of time. It Is 
hypothesized that such modifications may also lead to increased receptor affinity by fadlitatlon of the 
receptor loading in accordance with the proposed model of Schwyzer, supra, and references therein. 



15 Administration 

In the practice of this invention an effective amount of a compound of the invention or a pharmaceutical 
composition containing same is administered to the subject in need of, or desiring, such treatment. These 
compounds or compositions may be administered by any of a variety of routes depending upon the specific 
20 end use. including orally, parenterally (including subcutaneous, intramuscular and intravenous administra- 
tion) rectally. buccally (including sublingually). transdermally or Intranasally. The most suitable route in any 
given case will depend upon the use, the particular active ingredient, and the subject involved. The 
compound or composition may also be administered by means of controlled release, depot implant or 
injectable formulations as described more fully herein. . ^ 

25 In general for the uses as described in tt:e instant invention, it is expedient to administer the active 
ingredient in amounts between about 0.001 and 10.0 ug/kg body weight, most preferably from about 0.01 to 
5 0 ug/kg body weight. For human therapy, ttie active ingredient will be administered preferably in ttie 
range of from about 0.01 to about 2.0 uglkg/day. This administration may be accomplished by a single 
adtrlnistration. by distribution over several applications or by slow release In order to achieve tiie most 
30 effective results. When administered as a single dose, administi-ation will most preferably be in the range of 
from about 0.01 to 0.10 ug/kg. . . 

The exact dose and regimen for administration of ttiese compounds and compositions will necessaniy 
be dependent upon the needs of tiie individual subject being treated, the type of ti-eatment. and the degree 
of affliction or need. In general, parenteral administration requires lower dosage tiian otiier methods of 
35 administiration which are more dependent upon absorption. 

A further aspect of ttie present invention relates to pharmaceutical compositions compnsing as an 
active ingredient a compound of the present Invention in admixture witii a pharmaceutically acceptable 
non-toxic carrier. As mentioned above, such compositions may be prepared for use for parenteral 
(subcutaneous, intramuscular or intravenous) administiration particularly in ttie torn of liquid solutions or 
40 suspensions: for oral or buccal administration particularly in the form of tablets or capsules; or intranasally 
particularly in the form of powders, nasal drops or aerosols. 

The compositions may convenlentiy be administered in unit dosage form and may be prepared by any 
of the methods well-known in the pharmaceutical art. for example as described In Remington's Pharmaceu- 
tical Sciences. 17tti edition. Mack Publishing Company, Easton. PA.. 1985. Formulations for parenteral 
4s id?fiinli5itiSH' may contain as common excipients sterile water or saline, alkylene giywls such as 
propylene glycol, polyalkylene glycols such as polyettiylene glycol, oils of vegetable origin, hydrogena^ed 
naphthalenes and tiie like. For oral admlnlsfration, tiie formulation can be enhanced by ttie addition of b.le 
salts and also by ttie addition of acylcarnitlnes (Am. J. Physiol . 251:332 (1988)). Formulations for nasal 
administration may be solid and contain as excipients. for example, lactose or dextiran, or may be aqueous 
50 or oily solutions for administration in the lorn of nasal drops or metered spray. For buccal administi^tlon 
typical excipients include sugars, calcium stearate, magnesium stearate. pregelatinated starch, and the like. 

When formulated for nasal administration tiie absorption across the nasal mucous membrane is 
enhanced by surfactant acids, such as for example, glycocholic acid, cholic acid, taurochollc acid, 
ethocholic acid, desoxycholic add. chenodesoxycholic acid, dehydrochollc acid, glycodeoxy-chollc acid. 
55 and the like. (See. B.H.Vickery. "liHRH and Its Analogs-Contraception and Therapeutic Applications , Pt. z. 
B.H.VickeryandJ.J. Nestor, Eds.. MTP Press, l^caster, UK. 1987). ,^ 

One or more surfactant acids or salts, but preferably a single pharmaceutically acceptable acid salt, can 
be added to ttie compounds of the instant invention. Suitable pharmaceutically acceptable surfactant salts 
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will be those salts which retain the phenomenon of enhanced peptide absorption, as well as the 
compound's surfactant characteristics, and which are not deleterious to the subject or otherwise contrain- 
dicated. Such salts are for example those salts derived from inorganic bases which include sodium, 
potassium, lithium, ammonium, calcium, magnesium, ferrous, zinc, copper, manganous. aluminum, feme, 
manganic salts and the like. ParMculariy preferred are the ammonium, potassium, sodium, calcium and 
magnesium salts. Salts derived from phamnaceuticaiiy acceptable organic non-toxic bases include salts of 
primary secondary, and tertiary amines, substituted amines including naturally occuring substituted 
amines." cyclic amines and basic ion exchange resins, such as Isopropylamine, trimethylamine. 
diethyiamine. triethylamine. tripropylamine, ethanolamine. 2-dimethylaminoethanol. 2-diethylaminoethanoi. 
tromethamlne, dicyclohexyiamine. lysine, arginine. histidine. caffeine, procaine, hydrabamine. choline, 
betaine. ethylenediamine, glucosamine, methylglucamine. theobromine, purines, piperazine. pipendine. N- 
ethylpiperidine. polyamine resins and the iilie. Particularly prefen-ed organic non-toxic bases are 
isopropylamine. diethyiamine. ethanolamine. trimethamine. dicyciohexylamine. choline and caffeine. 

The amount of surfactant used for the practice of this Invention will be some amount which increases 
the absorption of the somatostatin analogs over that of other surfactants which also may enhance peptide 
absorption to a certain degree. It has been found that such an amount is often in the range between 0.2 and 
15% mor« often 02 to 5 percent by weightA^olume of the solution. It is prefered that the surfactant be 
present in an amount between about 0,5 to 4 percent by weight volume, conveniently about 1 percent by 
weight volume, preferably about 2 percent by weight volume. 

it is desirable to deliver the compounds of the present invention to the subject over prolonged penods 
of time, for example, for periods of one weel< to one year from a single administration. Various slow release, 
depot implant or injectable dosage forms may be utilized. For example, a dosage form may contain a 
pharmaceuticaliy acceptable non-toxic salt of the compound which has a low degree of solubility in body 
fluids, for example, (a) an acid addition salt with a polybasic add such as phosphoric acid, sulfunc acid, 
citric acid, tartaric acid, tannic acid, pamoic acid, alginic acid, polyglutamic acid, naphthalene mono- or di- 
sulfonic acids, polygalacturonic acid, and the lilce: (b) a salt with a polyvalent metal cation such as zinc, 
calcium, bismuth, barium, magnesium, aluminum, copper, cobalt. nlcl<el. cadmium and the lil<e. or with an 
organic cation formed from e.g.. N.N'-dibenzyletiiylenedlamine or ethylenediamine; or (c) combinations of 
(a) and (b) e.g. a zinc tannate salt. Additionally, ttie compounds of the present invention or. preferably, a 
relatively insoiubfe salt such as those just described, may be fomiulated in a gel, for example, an aluminum 
monostearate gel witti. e.g. sesame oil. suitable for injection. Particularly preferred salts are zinc salts, zinc 
tannate salts, pamoate salts, and ttie lil<e. Anotiier type of slow release depot formulation for injection or 
implantation would contain tiie compound or salt dispersed or encapsulated in a slowly degrading, non- 
toxic, non-antigenic polymer such as a polylactic add/polyglycolic acid polymer. The compounds or, 
preferably, relatively insoluble salts such as those desaibed above may also be formulated in cholesterol 
matrix pellets, or sllastomer matrix implants, particulariy for use in animals. Additional slow release, depot 
implant or injectable formulations. e.g. liposomes, are well known in tiie literature. See. for example. 
Sustained and Controlled Release Drug Delivery Systems . J. R. Robinson ed., IVIarcel Dekker. Inc., New 
Yorit, 1978. 



Synthesis of tiie Peptides 

The compounds of the instant invention may be synthesized by any techniques that are known to tiiose 
skilled in the peptide art. An excellent summary of ttie many techniques so available may be found in J.M. 
Stewart and J.D. Young, Solid Phase Peptide Synthesis 2nd edit Pierce Chemical Co.. Rockford, Illinois. 
1984, and J. IVIeienhofer. HonrioTOToteins ahd Peptides , Vol. 2, p. 46.. Academic Press (New York). 1973 
for solid phase peptide synthesis ^^dXSchroder and K. Lubke. The Peptides . Vol. 1, Academic Press 
(New York), 1965 for classical solution syntiiesis. 

In general, these methods involve the sequential addition of one or more amino acids or suitably 
protected amino acids to a gnDwIng peptide chain. Normally, either the amino or carboxyl group of ttie first 
amino acid is protected by a suitable protecUng group. The protected or derivalized amino acid can then be 
either attached to an inert solid support or utilized in solution by adding the next amino acid m ttie 
sequence having tiie complimentary (amino or carboxyl) group suitably protected, under conditions suitable 
for forming the amide linkage. The protecting group is then removed from ttiis newly added amino acid 
residue and the next amino acid (suitably protected) Is then added, and so forth. After all the desired ammo 
acids have been linked in ttie proper sequence, any remaining protecting groups (and any solid support) 
are removed sequenti-ally or concurrentiy. to afford tiie crude, reduced fonm of the polypeptide. The peptide 
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Is oxldatively cyclized in dilute aqueous solution using, for example, air (Oa). potassium fenricyanide. b. 
ICH2CH2I. and the like, especially potassium ferricyanide. Alternatively, the formation of the disulfide bond 
may be carried out by oxidation of the peptide chain while the peptide is still on the resin (after cleavage of 
the thiol protecting groups, if required). Finally the peptide is desalted and purified chromatographically to 

yield the final product ^ ^ „ , ^ ^ 

The non-naturally occurring amino acids described herein are prepared by methods well l<nown to those 
sl<illed in the art and may be used in efther solution phase or solid phase peptide synthesis procedures. 



10 Preferred Embodiments of Synthesis 

A preferred method of preparing compounds of the present Invention involves solid phase peptide 

synthesis. ^ ^ ,j u 

In this preferred method the a-amino function of the amino acids Is protected by an acid-or base- 

;s sensitive group. Such protecting groups should have the properties of being stable to the conditions of 
peptide linkage formation, while being readily removable without destruction of ttie growing peptide chain or 
racemization of any of tiie chlral centers contained therein. Suitable protecting groups are t-butyloxycar- 
bonyl (Boc). benzyloxycarbonyl (Cbz). o-chloro-benzyloxycarbonyl (Cl-Z). biphenylisopropyloxycarbonyl. t- 
amyloxycarbonyl. isobornytoxycarbonyl. a.a-dimetiiyl-3.5-dimethoxybenzyloxycarbonyl. o-niti^phenylsul- 

20 fenyl. 2-cyano-t-butyloxycarbonyl. 9-fluorenylme«iyloxycartJonyl (Fmoc) and the like, especially t-butytox- 

ycarbonyl (Boc). _ 

Particularly preferred side chain protecting groups are. for lysine: Cbz. Fmoc, p-toluenesulfonyl. Boc 
and adamantyloxycarbonyl; for tyrosine: benzyl (Bzl), o-bromobenzyloxycarbonyl. 2,6^ichlorobenzyl, 
isopropyl. cyclohexyl. cyclopentyl and acetyl: for serine or threonine: benzyl and tehrahydropyranyl; for 

25 cysteine: 4.metiioxybenzyl (Bzl-OMe). 4.methylbenzyl. benzyl, acetamldomethyl. ethylcarbamoyl. S-sul- 

fonate; for tryptophan: N'"-formyl or no protection. 

The C-terminal amino add is attached to a suitable solid support. Suitable solid supports useful for ttie 
above synthesis are ttiose materials which are inert to the reagents and reaction conditions of the stepwise 
condensation-deprotection reactions, as well as being Insoluble in the media used. Suitable solid supports 

30 are chloromethylpolystyrene-divinylbenzene polymer, hydroxymetiiyi-poiystyrene-divlnyibenzene polymer, 
and the like, especially chlorometiiyl-polystyrene-1% divlnylbenzene polymer. When ttie C-terminus of ttie 
compound is an amide (where Y of formula (I) is G-NHRz). a particularly useful support is the P-me%l- 
benzhydrylamlno- polystyrene-dlvinylbenzene polymer described by Rlvaille. et al. Helv. Chjm, Acta.. 
54-2772 (1971) The attachment to the chlorometiiyl polystyrene-dlvinylbenzene type of resin is made by 

35. means of the reaction of tiie N«.protected amino acid, especially the Boc-amino acid, as Its cesium 
tetramethylammonlum. trlettiylammonium. 1.5-diazabicyclo(5.4,0]undec-5-ene, or sirnilar saj in ethanoN 
acetonitrile. N.N.dimethylfomiamide (DMF). and tiie like, especially ttie cesiuni salt in DMF. witti ttie 
chlorometiiyl resin at an elevated temperature, for example between about 40 and 60 C, preferably about 
50* C for from about 12 to 48 hours, preferably about 24 hours. The N^-Boc-amino aad is attached to ttie 

40 benzhydrylamine resin, for example, by means of an N.N -dlisopropylcarbodlimide (DlCyi-hydroxyben- 
zotriazole (HBT) mediated coupling for from about 2 to about 24 hours, preferably about 2 hours at a 
temperature of between about 10 and 50* C, preferably 25 C in a solvent such as dichlorometiiane or 
DMF. preferably dlchlormettiane. The coupling of successive protected amino acids can be camed out in an 
automatic polypeptide synttiesizer as is well known In ttie art. The removal of the N«-protecting groups may 

45 be performed in ttie presence of. for example, a solution of trifluoroacetic acid in mettiylene chlonde. 
hydrogen chloride In dloxane. hydrogen chloride in acetic acid, hydrogen chloride in i-PrOH. or ottier strong 
acid solution, preferably 50% trifluoroacetic acid (TFA) In dlchloromettiane at about ambient temperature. 
Following neutralization witii triethylamine or similar base, each protected amino acid is preferably 
introduced in approximately 2.5 molar excess and ttie coupling may be canled out in dlchloromettiane 

50 dichloromethane/DMF mixtures. DMF and the like, especially in mettiylene chloride at aboirt amben 
temperature. The coupling agent Is normally N.N -dl-cyclohexylcarbodiimide (DCC) in dichloromethane but 
may be N N'-di-iso-propyicarbodilmlde (DIG) or other carbodiimides eittier alone or In ttie presence of HBT. 
N-hydroxy'succlnTH^ide, other N-hydroxylmides or oximes. Alternately, protected amino acid active esters 
(e.g. p-nitrophenyl, pentafluorophenyl and ttie like) or symmetrical anhydrides may be used. 

55 At ttie end of ttie solid phase synttiesis the fully protected polypeptide Is removed from ttie resin. When 
the linkage to ttie resin support Is of ttie benzyl ester type, cleavage Is by means of amiriolysis with an 
alkylamine or fluoroalkylamine for peptides witti a alkylamlde C-temnlnus. or by aminolysis with, or 
example, ammonia/mettianol or ammonla/ethanol for peptides wltti an unsubstituted amide C-temiinus at a 

17 



X 



EP 0 363 589 A2 



temperature between about -10 and 50 'C, preferably about 25 'C. for between about 12 and 24 hours 
preferably about 18 hours. Peptides with a free -COOH carboxy-terminus (C-terminus) may be obtained by 
HF or other strongly acidic deprotection regime; or by saponification. Alternatively, the peptide may be 
removed from the resin by transesterification. e.g.. with methanol, followed by aminoiysis, saponification, or 
reduction to the alcohol C-terminus with LiBH*. In yet another alternative regime, the peptide C-terminus 
may be directly reduced to the alcohol while on the resin. The protected peptide may be purified at this 
point by silica gel chromatography. The removal of the side chain protecting groups from the polypeptide Is 
performed by treating the aminoiysis product with, for example, anhydrous liquid hydrogen fluoride in the 
presence of anisole or other carbonium scavenger, treatment with hydrogen fluoride/pyridine complex, 
treatment with tris(trifluoroacetyl)boron and trifluoroacetic acid, by reduction with hydrogen and palladium on 
carbon or polyvinylpyrrolidone, or by reduction with sodium in liquid ammonia, preferably with^ liquid 
hydrogen fluoride, and anisole at a temperature between about -10 and +10' C. preferably about 0 C. for 
between about 15 minutes and 2 hours, preferably about 1 hour. For peptides on the benzyhydrylamine 
resin, the resin cleavage and deprotection steps may be combined in a single step utilizing liquid hydrogen 
fluoride and anisole as described above. The fully deprotected polypeptide is then oxidativeiy cyciized by 
dissolution in a dilute aqueous or mixed aqueous/organic solvent mixture and treatment with air {O2). 
potassium fenlcyanide, I2, ICH2CH2I. and the like, especially one equivalent of potassium fenicyanide. The 
solution is desalted (e.g. BioRad AG-3 anion exchange resin) and purified by a sequence of chromatog- 
raphic steps employing any or all of the following types: ion exchange on a weakly basic resin in the 
acetate form; hydrophobic adsorption chromatography on underivatized polystyrene-divinylbenzene (for 
example Amberiite XAD); silica gel adsorption chromatography; ion exchange chromatography on carbox- 
ymethylcellulose; partition chromatography, e.g.. on Sephadex G-25. or countercurrent distribution; high 
performance liquid chromatography (HPLC). especially reverse phase HPLC on octyl- or octadecylsilyi-silica 
bonded phase column packing. 

The preparation of peptides having a C-termihal alcohol function is preferably done using LiBH^ 
reduction of the con-esponding methyl ester or peptide resin ester, prepared as described above. 

Thus, another aspect of tiie present invention relates to a method for preparing compounds of the 
invention and of tiie pharmaceutically acceptable salts tiiereof which process comprises: 
removing protecting groups and, optionally, covalently bound solid support from a protected polypeptide to 
afford a compound of the formulae (I) or (II) disclosed above or a pharmaceutically acceptable salt thereof, 
wherein the compound comprises: 

(a) a cyclical somatostatin-like peptide, and 

(b) a cationic anchor attached to one or botii of tfie Cys residues of the peptide. 



Examples 



The examples which follow are illustrative and not limiting of the invention. General examples of the 
synthetic routes to the synthesis of tiie hArg(R2) class of non-naturally occunring amino acids are given In 
Nestor, et.al.. J. Med.Chem. 31:65 (1988) and U.S. Patent 4,667.014 issued May 19. 1987. 

The compounds of formula (I) and (II) ar^ synthesized using the following compound, the preparation of 
which follows. N«-t-butyloxycarbonyl-N°.NQ bis-1,1,1-trifluoroethyl-D-homoarginine hydrochloride is pre- 
pared as follows: 

A mixture of 7.33g of benzyi-Na-benzyioxycariDonyl-D-lysinate toiuenesulfonate (B. Bezus and L. 
Zervas. J. Am. Chem. Soc. 83:719 (1961)) and 3.60g. 1.1.1 trifluorodiethylthiourea (M. Uher and J. 
JendrichovskyrCoir Czedr 38:289 (1973)) in 50 ml CH3CN and 50 ml THF was treated with 2.06g HgCb 
and 3.3 g triethyiamineTThe reaction mixture was heated to 80-90* C for 8 hours followed by tiie addition of 
20% xs of HgCla. triethylamine. and tiie thiourea. Heating was continued for 15 more hours. The reaction 
was cooled to room temperature, filtered ti^rough cellte and concentrated in vacuo to dryness. The residue 
was loaded on a silica gel column and eluted with a gradient from CH2Cl2/MeOH (19:1) to CHaCb/MeOH 
(9:1) and then from CH2Cl2/MeOH (9:1) to CH2Ci2/MeOH (4:1). The fractions containing product were 
detected by thin layer chromatography (TLC). pooled, and concentrated to dryness to yield 7.6g of yellow 
foam. The foam was repurifled on a second silica gel column eluted with a gradient from CH2Cl2/MeOH 
(9:1) to CH2Cl2/MeOH (4:1) and then isocratic CH2Cl2(MeOH (4:1). The fractions containing product were 
detectpd by TLC. pooled, and concentirated to dryness to yield 7.0g^of benzyl Na-benzyloxycarbonyl-N 
bis 2,2.2-trifluoroethyl D-homoarginate toiuenesulfonate [ajg^ 10.2* (c 1.5. MeOH). 

A 6g portion of the above-named product and 1g 10% Pd/C in 150 ml EtOH was freated with hydrogen 
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gas at atmospheric pressure for 3 hours. An additional 0.4g 10% Pd/C was added and hydrogenation was 
continued for Z more hours. The reaction mixture was filtered through celite. concentrated to dryness to 
give 4g N^.N*^ bis-(2, 2.2-trifluoroethyl)-D-homoarginine toluenesulfonate [a]g^ -7.76* (C0.4, MeOH). 

A solution of this compound (1.96gl In 8 ml 1N NaOH and 8 ml dioxane was treated with 160 mgs 

5 MgO and I.OSg dl-t-butyldicarbonate at 0* C. The reaction mixture was stirred at 0* C for 1 hour and then at 
room temperature for 3 hours. The magnesium salt was filtered and tiie filtrate concentrated under vacuum. 
The basic solution was washed with anhydrous diethyl ether, then acidified at O'C with IN HCI to pH 3.5. 
The product was extracted from tiie acidic aqueous solution with ethyl acetate and dried over magnesium 
sulfate. The drying agent was filtered and the filtrate concentrated to dryness to yield a white foam. The 

70 foam was treated with,Ag-3 CI" beads to convert the product to tiie chloride salt fomi. 1.4g of N<»-t- 
butyloxycarbonyl-N°.NQ bis-2.2,2-trifiuoroethyl'D-homoarglnine hydrochloride. ta]g^ -2.19* {C0.5, MeOH) 
was Isolated. 
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75 Example 1: Synthesis of compounds of Formula (I) 

In the reaction vessel of a Beckman 990 Peptide Synthesizer was placed 11.11g (4 mmol) of 4-methyl- 

benzhydrylamine resin. Amino acids were sequentially added to tiie resin by means of a syrthesis program. 

A typical synthesis program is as described in U.S. Patent 4.667.014 issued May 19. 1987. column 21. 
20 Similar synthesis programs for use on other commercially available Peptide Synthesizers may also be used. 
A. For preparation of a prefenred compound of formula (I), the resin was coupled sequentially with a 2.0 

to 2.5 molar excess of each protected amino acid and DCC. The resin was treated during successive 

coupling cycles with 

3.09g Boc-Thr(Bzl)-OH and 4g HBT 
25 3.42g Boc-Cys(Bzl-OMe)-OH 

3.09g Boc-Thr(Bzl)-OH 

4.1 4g Boc-Lys(CI-2) 

3.04g Boc-D-Trp-OH _ 

After the coupling of D-Trp, 0.5% indole was added to ti^e deblocking solution. The resin was then 
30 treated successively with " 
2.65g Boc-PheOH 
3.42g 8oc-Cys(Bzl-OMe)-OH 
1.75g Boc-Gly-OH 

At this point, the resulting hepapeptide resin was divided into smaller batches. A 3.37g (.75 mmol) 
batch was canied forward by further coupling in successive cycles witii 1g. Boc-D-hArg(CH2CF3)2-OH + 1g 
HBT followed by 2 ml acetic anhydride in 12.4 ml DMF, 

The resin was removed from ti^e reaction vessel, washed with CH2CI2. and dried in vacuo to yield 3.07g 
of protected polypeptide resin. The peptide was deprotected and removed from the resin by treatment with 
30ml anhydrous liquid HF in the presence of 3 ml. of anisole (scavenger) In a Kel-F reaction vessel at 0 C 
for 1 hour. The HF was evaporated under vacuum and the residue of N-Ac-DhArg(CH2CF3)2-Gly-Cys-Phe- 
DTrp-Lys-Thr-Cys-Thr-NH2. as Its HF salt, was washed witii ether. The residue was then extracted witii 
nanopure water (-11). The extracts were diluted immediately to a total volume of 41. witii nanopure water. 
The pH of the solution was adjusted to 7.5-8 with dilute NH4OH solution. The'peptide was cyclized by the 
slow addition of 80 ml of .01 M K3 Fe(CN)5 solution. The dilute peptide solution was acidified to pH 4.5 with 
10% acetic acid solution and loaded onto a protonated Blorex 70 column (Biorad Laboratories. Hercules. 
CA.) packed in water. After loading, the remaining salts were washed off tiie column witti 2 liters of water. 
The peptide was eluted from the column with a gradient from 11. of 5% HOAc to 11. of 50% HOAc and 
ttien continuing with 11. of 50% HOAc. 190 fractions (20-30 ml) were collected with an ISCO automated 
fraction collector. The absorbance at x = 280nm on a Hewlett-Packard 8450A UV/VIS spectrophotometer on 
50 every fifth fraction was measured. The results were plotted and fractions 30-55, 56-90, and 91-120 were 
pooled, evaporated to dryness and each was redissolved In 100 ml of water. The crude material was 
converted to tiie acetate salt by passage in water through a column of AG3X (a weakly basic tertiary amine 
resin) which had been converted to the acetate form. Lyophilization of the fractions yielded 250 mgs.. 350 
mgs. and 125 mgs. respectively. The pool fractions were evaluated by Spectra Physics analytical high 
65 performance liquid chromatography (HPLC) system on a Vydac RP-18 column. The 250 mg. + 350 mg. 
batches were purified by HPLC on a 200g column of Vydac RP-18 (20-30 micron) equilibrated to the 
running buffer 28% CH3CN/72% H2O (0.03M in NH^OAc, pH 4.5). The major UV absorbing (280 nm) peak 
was collected, concentrated to dryness, and lyophillzed three times from nanopure water to yield 135 mgs. 
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of pure cycllzed 



10 



NAc-D-hAr g (CH2CF3 ) j-Gly-Cys-Phe-ETrp-Lys-Thr-Cys-Tht- 
NH^. Ca]^^=-18.8» (C 0.3, HOAc). 

B. Proceeding in a similar manner as set forth In part A. but substituting the appropriate protected 
amino acids, the following compounds \vere prepared: 



N-Ac-]i-hArg(Et5)-Gly-cirs-Phe-nTrp-Lys-Tlir-Cys-Thr-NH2 



15 



20 



.N-Ac-n-hArg(Bu)-Gly-c\rs-Phe-aTrp-Lys-Thr-Cy's-Tht-NH2 

N-Ac-n-hArg (methyl , hexyl ) -Gly-dys-Phe-QTrp-Lys-Thr-Cys -Thr - 



25 



N-Ac-a-hArg(methyl ,butyl)-Gly-cfs^i^^ 



NH^ 



30 
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N-Ac-E-hAr g (Et 2 ) -Gly-Cy s-Phe-ETr p-Lys-Thr-Cys -Thr-NHj 



N-Ac-I2-hArg<Et2)-Gly-Gly-Cy8-Phe-nTrp-Lys-Thr-Cys-Tht- 
NH2 



N-Ac-D-hAr g (Et2 ) -<irs-Phe-12Trp-Lys-Tht-Cy's-Thr-NH2 
N-Ac-L-hArg(Et2)-Cys-Phe-IiTrp-Lys-Thr-Cy's-Thr -NH2 



N-Ac-Ii-hAr g ( CH2CF3 ) 2-Cys-Phe-I2rrp-Ly s-Thr-Cy's - 
Thr-NH2 

N-Ac-n-hAr g (Et 2 ) -Gly-Cys-Phe-JiTrp-Lys-Thr-Cy's -Phe-NH2 



N-Ac-a-hAr g ( CH2CF3 ) 2-Gly-Cys-Phe-I)Tr p-Lys-Thr-Cy s -Phe 
-ISIH2 

N-Ac-E-hAr g ( CH2CF3 ) 2-Gly-C jrs-Phe-DTrp-Lys (Me ) -Thr-Cys 
-Thr-NE- 



N-Ac-E-hAr g(CH2CF3 ) 2-Gly-c'ys-Phe-ETrp-Lys (Me ) -Thr-Cys 
-Phe-NH, 



N.Ac-2-hArg(Et2)-Gly-Cys-Tyr-ETrp-Ly8-Thr-Cys-Thr-NE2 
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N-Ac-hArg (Et5)-Gly-cirs-Phe-BTrp-Lys^Thr-Cys-Thr-NH2 



a-hArg(Et2)-Gly-Cys-Phe-aTtp-Lys-Thr-Cy's-Thr-NH2 



N-Ac-D-hArg(Et2)-Gly-Cys-Phe-nTrp-Lys-Thr-Cys-Nal(2)-NH2 



N-Ac-E-hAr g ( CH2CP3 ) 2-a-liAr g ( CH^CFj ) 2-Gly-cirs - 



Phe-aTrp-Lys-Thr-Cys-Phe-NH2 



Ac-Ii-hArg(Et2)-fi-hArg(Et2)-Gly-<irs-Phe-ETrp-Lys-Thr-Cys 
-Thr-NH^, and the like. 



Example 2: Synthesis of compounds of Formula (I) with a C-terminal alkylamide function 

The synthesis for compounds having a C-terminal alkylamide function (Y is G-l where I is -NHR2. R2 
being alkyi) was changed to allow cleavage from the resin by aminolysis with the appropriate alkylamine. 
The reaction vessel of Example 1 was loaded with 1.24g of Boc-Thr(B2i)-0-Resin, prepared by reaction at 
50* C in DMF for 24 hr. of 20 mole-percent excess of the dry cesium salt of Boc-Thr(Bzl)-OH with 
chIoromethyipoly-styrene-1%-divinylbenzene {-1mmol available Cl/g resin; BioRad Labs). This yields a 
protected amino acid linked to the resin through a benzylic ester type of linkage which can later be 
aminolyzed. 

The amino acid-O-resin was coupled sequentially with a 2 to 2.5 molar excess of the appropriate 
protected amino acid using dispropylcarbodiimide (DIG). Thus the amino acid resin was treated during 
successive coupling cycles with: 
0.857g Boc-Cys(Bzl-0Me)-OH 
0.77g Boc-Thr(Bzl)-OH 
1.04g Boc-Lys-(CI-Z) 

0.76g Boc-D-Trp-OH, and 0.1% indole was added to the CF3C02H deprotection solution for later deprotec- 

tions, " 

0.66g Boc-Phe-OH 

0.85g Boc-Cys(Bzl-OMe)-OH 

0.44g Boc-Gly-OH 

0.99g Boc-D-hArg(Et2)-OH and 1g of HBT. 
2 ml of acetic anhydride in 8.2 ml of DMF. 

The peptide resin was removed from the reaction vessel, washed with CH2CI2 and dried in vacuo to 
yield 2.1 5g of protected peptide-O-resin. The protected polypeptide was cleaved from the resin by 
aminolysis with 50 mL of ethylamine for 8 hours at O' C. The ethylamine was allowed to evaporate and the 
resin was extracted with methanol. The dried resin weighed 1.7g and was re-treated with ethylamine to yield 
an additional 400 mgs of protected peptide. This protected peptide was mixed with 2 ml of anisole and 
20ml redistilled (from C0F3) anhydrous liquid HF at 0* C for 1 hour In a Kel-F reaction vessel. The HF was 
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evaporated under vacuum and the residue was washed with anhydrous diethyl ether. Peptide was dissolved 
in 4 liters of H2O The pH of the solution was adjusted to 7.5-8.0 and the compound was oxidatvely 
cyclized with the slow addition of 30 ml of 0.01M K3Fe(CNH solution. The pH was readjusted to 4.5 and the 
dilute peptide solution was loaded onto protonated BloRex 70 column pacl<ed in water. The Fe salte flow 
5 through the column. The peptide was eluted from the column with a gradient going from 1 1 .of 5 /o HOAc to 
11 50% HOAc and then continuing with 11. of 50% HOAc. Rractions were pooled and retained for 
purification based on their optical densitites at \=280nm and analytical RP-HPLC evaluation. The crude 
material was converted to ttie AcO" salt by passage in water through a column of anion exchange resin 
(AG3X, BioRad) which had been converted to tiie acetate form. Lyophilization of the eluate yielded 175 mgs 

10 of crude P«PJ2®-^^^ p^^j.^^ ^ preparative RP-HPLC on a 2.5 x 100cm column of Vydac RP-18 (20-30 
micron) equilibrated to ttie running buffer 25% CH,CW75% H2O (0.03 M in NH.OAc. pH 4.5). The major 
UV absorbing (280nm) peak was collected, concentrated to dryness, and lyopholized three times from 
nanopure water to yield 35 mgs of cyclized product, 



IS 



N-Ac-a-hArg(Et, )-Gly-Cys-Phe-I2Trp-Lys-Thr-Cys-Tlxr-NHEt 



20 [a]g= = -14.1» (C0.4.H0AC). 

The synthesis of additional analogues witii ethylamide termini were prepared similanly. 



Example 3: Synthesis of compounds of Formula (I) having a reduced C-terminus. 



25 



Compounds with a reduced C-terminus (Y Is the alcohol of G-l) were prepared by reduction of the 
peptide-O-resIn ester' linlcage witii UBH*. The synthesis of tiie peptide can proceed witiiout side chain 
protection except for Lys and Cys. Thus a lg (1 mmol) portion of Boc-Thr-O-resm was treated successively 
(as described in Example 1) witti O.TSg 
30 Boc-Cys(acetamidomethyl)-OH. 
0.55g Boc-Thr-OH. 

1 17a Boc-Lys(Fmoc)-OH and 1g HBT, 

0.76g Boc-D-Trp-OH. after which 0.1% indole was added to the CFaCOiH deprotection solution. 
0.66g Boc-Phe-OH, 
36 0.73g Boc-Cys(acetamidomethyl)-OH 
0.94g Boc-Gly-OH. 

0.99g Boc-D-hArg(Et2)-OH and 1g HBT, 

2 ml of acetic anhydride in 7.2 ml DMF u ^ nu r-i =nH Hriori in 
The oartially protected peptide-O-resin was removed from the vessel, washed with CH2CI2. and dned in 

vacuo TrplpVd"^^^^^^^^^ swollen in 75 ml of dry THF and treated wj l^f -9 o^^f^",^" ¥he 
portions. After 1 hr at room temp, 2.5 ml AcOH was added dropw.se to desfroy the excess IJBH4. The 
reaction mix was filtered, the residue was washed With glacial AcOH and the filtrate was ~ncentrated The 
reduced, partially protected peptide alcohol was obtained by lyophilization from glacial AcOH. The Lys 
?moc) residue wa^ removed by treatment with 20% piperidine In D^F for 30 min^ T^.e solution ,s 
neutral zed (AcOH) and desalted by hydrophobic chromatography on Amberlite XAD-2 (Rohm & Haas. 
ESaShia. PA.) witin a H.0 to 50% EtOH gradient. The major. UV absorbing (X max 280) peak ,s 
deprotected and cyclized by dropwise treatment witt, a solution of b In MeOH until no more consumption of 

The'crude product was purified by preparative RP-HPLC on a 2.5 x 100 cm column of "P-IS 
60 (20-30 micron) packing (using 30% CH3CN (0.04 IVl in NH.OAc. pH 4.5) as eluent. The ma,or UV absorbing 
peak was pooled, concentrated to dryness and lyophilized 3 times from H2O to yield 
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Ac-D-hArg(Et2)-Gly-Cys-Phe-Ii-Trp-Lys-Thr-Cys-Thr-ol 
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Example 4 Insulin-induced glucagon assay 

After several days of acclimatization, rats were welgh-grouped and used on tlie succeeding one to three 
days. Tlie rats were injected subcutaneously with 40 mg/kg pentobarbitol(Nembutal). Approximately 30 

5 minutes after injection, the jugular and the hepatic portal veins were exposed and an injection of 0.1% 
bovine serum albumin (BSA)-saline vehicle or 1 IU/1 ml/kg porcine insulin in the same vehicle was 
administered into the jugular vein. At precisely 15 minutes after the intravenous (i.v.)injection a 1 ml blood 
sample was collected from the hepatic portal vein and the rat sacrificed with CO2. 

The blood sample was collected into a syringe containing 0.70 mg Na-EDTA and 0.1 mg Aprotinin, a 

70 commercially available protease inhibitor, In 0.1 ml 0.9% saline. The blood sample was mixed In the syringe 
and transferred to a plastic microcontainer serum-separator tube and held In the dark on ice. Plasma was 
harvested within 6 hours by centrifugation and stored at -20**C. The test material was administered 
intramuscularly to the animal immediately prior to the i.v. Injection of insulin. Plasma samples were 
analyzed for levels of glucagon using a commercially available radioimmuneassay kit for animal glucagon 

75 (Cambridge Medical Technology). 

The percent inhibition of glucagon release was calculated for each animal receiving the test compound 
by multiplying by 100 the mean glucagon level of "positive controls", where "positive controls" is defined 
as animals receiving i.v. insulin and no test compound, less the glucagon level of test animal divided by the 
mean glucagon level of "positive controls" less the mean glucagon level of "negative controls", where 

20 "negative contror is defined as animals receiving I.v. vehicle and no test compound. The mean percent 
inhibition was plotted against dose of test compound and the EDso derived. The BDsq represents the dose 
required to produce 50 percent inhibition of insulin-induced glucagon release. 

Results EDcA 

25 

N- Ac-a-hAr g ( Et ^ ) -Gly-cfs^ 



30 Phe-aTrp-Lys-Thr-Cys-Thr-NH^ 0.15 jig/kg 



In the above described assay, the relative potencies of 



N-Ac-E-hArg(Et«)-Gly-Cys-Phe-aTrp-Lys--Thr-Cys-Thr-MH. 



compared to somatostatin and Sandostatin having the formula 



D-Phe-Cys-Phe-B-Trp-Lys-Thr-Cys-Thr-OH 



45 



were 50X and 4X. respectively. 



Example 5: Glucose-induced Insulin assay 

After several days of acclimatization, rats were weigh-grouped and used on the succeeding one to three 
days. The rats were injected subcutaneously with 60 mg/kg pentobarbitol(Nembutal). Approximately 40 
minutes after injection, the jugular vein was exposed and an injection of 0.1% BSA-saline vehicle or 0.5 g /2 
ml/kg glucose in the same vehicle was administered into tiie jugular vein. At precisely 5 minutes after the 
i.v. injection a 1 ml blood sample was collected via tiie orbital sinus and the rat was sacrificed with CO2. 

The blood sample was collected into glass tubes containing 72 USP units lithium heparin and held on 
ice. Plasma was harvested within 2 hours by centrifugation and stored at -20**C. The test material was 
administered to the animal 10 minutes prior to the i.v. injection of glucose. Plasma samples were analyzed 
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for levels of insulin using a commerdally available radloimmuneassay kit for animal insulin (Cambridge 
Medical Technology). 

The percent inhibition of insulin release was calculated for each animal receiving the test compound by 
multiplying by 100 the the mean Insulin level of "positive controls", where "positive controls" Is defined as 
animals receiving l.v. glucose and no test compound, less the insulin level of test animal divided by the 
mean insulin level of "positive controls" less the mean insulin level of "negative controls", where "negative 
control" is defined as animals receiving i.v. vehicle and no test compound. The mean percent inhibition was 
plotted against dose of test compound and the EDso derived. The EDso representing the dose required to 
produce 50 percent inhibition of insulin release. 



10 
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Results ED 



50 



N-Ac-a-hArg(Et2)-Gly-Cys- . 

Phe-ETrp-Lys-Thr-Cy^s-Thf-NHj 20 jig/kg 



20 In the above described assay, the relative potencies of 



N-Ac-E-hArg(Et2)-Gly-Cys-Phe-ETtp-Lys-Thr-Cys-Thr-ira2 



compared to somatostatin and Sandostatin were 6X and 0.3X. respectively. 



30 Example 6: Nembutal-induced growth honnone assay 

After several days of acclimatization, male rats were weight-grouped and used on the succeeding one 
to three days. The rats were fasted the day prior to use. Each test rat was given an intramuscular (IM) 
injection of test compound or vehicle (0.1 % BSA-sallne) into the right rear leg. 

Immediately following the IM injection, a subcutaneous Injection of Nembutal (60 mg/kg) was g^ven. 
Thirteen minutes after Nembutal administration, each rat was exposed to 2 minutes of ether anesthes a 
followed by the collection of a 1 ml blood sample via the ocular orbit. Serum separator tubes were used to 
prepare serum from the blood samples. The semm samples were stored at -20''C until analysis by 
radloimmune assay. The mean percent inhibition of growth hormone was determined for the test com- 
pounds using the method as described In Examples 4 and 5 and the EDso derived. 

Results 



45 N-Ac-I2-hArg(Et2)-Gly-Cys- 



50 



55 



Phe-aTtp-Lys-Thr-Cys-Thr-NH2 0-025 ]iz/^g 

in the above described assay, the relative potencies of 

N-Ac-E-hArg(Et,)-Gly-c'ys-Phe-nTrp-Lys-Thr-Cyls-Thr-NH2 



compared to somatostatin and Sandostatin were 265X and 3X. respectively. 
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Relative selectivities for glucagon/insulin and growth hormone/insulin for 

N-Ac-a-hArg(Et2)-Gly-Cys-Phe-IiTrp-Lys-Thr-C34-Thr-NH2 

5 

were 133 and 769, respectively, versus values for Sandostatin of 11 and 103. Increasing the time Interval 
between dosing of 

'0 ^ , 

N-Ac-B-hArg(Et2)-Gly~Cys-Phe-aTrp-Lys-Thr-Cys-Thr-NH2 



and tlie challenge agents (i.v. glucose, i.v. insulin and sc nembutal) also revealed the analog to be 
extremely long-lived compared to somatostatin. 

Example 7: Toxicity 

20 

Two somatostatin analogs 

NAc-D-hAr g ( CH^CFj ) 2-Gly^Cys-Phe-nTrp-Lys-Thr-Cy's -Thr- 
25 NH^ and 

N-Ac-a-hAr g ( Et 2 ) -Gly-Cys-Phe-aTrp-Lys-Thr-Cys -Thr-NH2 

30 

have been administered intramuscularly to the rat at doses up to 2.43mg/kg in the glucose-induced insulin 
assay, with no observed adverse effects. In the assay, male rats are anesthetized with pentobarbital and 
given. an intravenous injection of glucose. A blood sample is collected 5 minutes after the glucose injection 
and assayed at a later time for insulin level. The somatostatin analog is administered intramuscularly at 15 
minutes, 1 hour, or 2 hours before the blood sampling. Rats are sacrificed following the blood sampling. A 
total of 24 rats received a dose of 2.43mg/kg of RS-4591 7-298 and another 24 rats received a dose of 
2.43mg/kg of RS-10962-298. For each compound, 8 rats were injected 15 minutes before blood sampling 
and 16 rats were injected 2 hours before blood sampling. None of the rats showed any adverse reaction to 
the dose of either compound. 

40 



Claims 

1. A compound of the formula: 

45 



X-Cys^D-a-Trp-E-F-Cy's -T ( I ) 

50 

and the pharmaceutically acceptable salts thereof wherein, 
X is an N-terminus anchor; 

Y is a C-terminus anchor. G-l or alcohol of G-l; wherein at least one of X and Y is a cationic anchor; 
D is Phe, Tyr. pF-Phe. pCI-Phe; 
55 E is Lys or Lys(Ri) where Ri is a lower all<yi or fluoroalkyi of from 1 to 8 carbon atoms; 
F is Thr. Val, Ser: 

G is D or L configuration of Thr, Phe, or Nal(2); and 

I is -OH 0" -NHR2 where R2 is H or a substituent selected from Ri above. 
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2. The compound of claim 1 wherein X is an N^-alkyl-basic amino acid radical attached to the Cys 
moiety either directly or through a spacer. 

3. The compound of claim 2 wherein 
XisA-(BMC)„ 

5 where A is acyl or H; .. . . ^ ^ . « u 

B is hArg(Ri.R2). Arg(Ri.R2) or Lys(Ri). where Ri is lower alkyi or fluoroalkyi of from 1 to 8 carbon atoms 

and R2 is independently H or Rt; 
m is an integer from 1 to 3; 
C is Gly. Ala, jS-Ala; and 
10 n is an integer from 0 to 5. 

4. The compound of claims 3 wherein 
X is A-(B)m-(C)n 

rirh^^(R^!RlrArg(Ri.R2) or Lys(Ri). where Ri is lower alkyi or fluoroalkyi of from 1 to 8 carbon atoms 
75 and R2 is independently H or Ri ; 
m is an Integer from 1 to 3; 
C is Gly. Ala, ^-Ala or hArg(Ri ,R2); and 

" 5. The compound of any one of daims 1 to 4 wherein Y is a C-terminus anchor of the formula A-(BW 
20 (C)„ where A, B, C, m and n are as defined in claim 3. 
6, A compound of claim 1 selected from: 



25 
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X-dys-Phe-£-Trp-Lys-Thr-Cys-Thr-NH2 ; 
X-<irs-Phe-n-Trp-Lys-Thr-Cys-Phe-NH2 ; 
X-Cys-Phe-E-Trp-Lys-Thr-Cy's-Thr-ol ; 
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X-Cys-Phe-n-Trp"Lys-Thr-Cys-T ; and 
Ac-n-Phe-dys^Phe-n-Trp-Lys-Thr-Cys-Y 
Ac-a-Nal-Cys-Phe-fi-Trp-Lys-Thr-Cys -T 

X-dys-Phe-n-Trp-Lys-Thr-Cys-Ac-a-Nal 



wherein X is a cationic anchor and Y is a C-termlnus anchor. 
7. A compound of claim 6 selected from: 

50 



55 



27 



EP 0 363 589 A2 

Ac-hArg(Et2)-Gly-Cy8-Phe-D-Trp-Lys-Thr-(irs-Thr-NH2 ; 

Ac-a-hAt g <Et 2 ) -Gly-Cy s -Phe-fi-Ttp-Lys -Thr-Cy J-Thr-NHj 5 

j 1 

Ac-a-hArg(Bti)-Gly-Cys-Phe-n-Trp-Lys-Thr-Cys-Thr-NH2; 

Ac-Ii-hArg(Et2)-Cys-Phe-a-Trp-Ly8-Thr-Cy!s-Thr-NH2; 

Ac-L-hArg(Et2)-Cy8-Phe-a-Trp-Ly8-Thr-Gy's-Thr-NH2 

Ac-Q-hAr g ( CH2CF3 ) 2-c'5rs-Phe-fi-Tr p-Lys -Thr-Cys -Thr- 
NH2; 

Ac-n-hAr g (CH2CE3 )2-Gly-dys-Phe-E-Trp-Lys-Thr-Cy8-Thr- 
NH2; 

Ac-Ii-hArg(CH2Cr3)2-Gly-Cys-Phe-Ii-Trp-Lys-Thr-Cy!3-Phe- 
NH2. 

Ac-a-hAr g ( CH2CF3 ) 2-Gly-c!ys-Phe-Il-Trp-Ly8-Thr-Cys-Thr- 
NHEt 

Ac-L-hArg(CH2CF3)2-Gly-Cys-Phe-S-Trp-Lys-Thr-Cy!s-'nir- 
NH,; 
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Ac-Ii-hArg(CH2Cr3)2-Gly-Cys-Phe-Il-Trp-Lys(Me)-Thr-Cy's- 
Thr-NH2 ; 

Ac-E-hArg (CH2Cr3 )2-Gly-cirs-Phe-Ii-Trp-Lys (Me )-Thr-Cyls- 
Thr-NHEt 

Ac-hArgCCHg.hexjrD-Gly-Cya-Phe-n-Trp-Lys-Thr-Cys-Tht- 
NH^; 

H-hArg(hexyl2)-<51y-Cys-Phe-2-Trp-Lys-'nir-Cys-THr- 

Ac-n-hArg (Et 2 ) -Gly-Cy s-Phe-n-Trp-Ly s -Thr-Cy s -Thr - 
NHEt ; 

Ac-fi-hArgCEt2)-Gly-Cys-Phe-E-Trp-Lys-Thr-Cy's-Phe-NH2; 

Propionyl-2-hArg(Et2)-Gly-Cys-Phe-Il-Trp-Lys ( iPr )-Thr-Cy's- 
Thr-NH2 ; 

Ac-fi-Nal (2) -Gly-dys-Phe-a-Trp-Lys-Thr-liys-Gly-hArg <Et )2- 
NH2; 

Ac-Ii-Lys(iPr )-Gly-C5rs-Phe-a-Trp-Lys-Thr-Cys-Thr-NH2 ; 
Ac-n-hAr g ( CH2CF3 ) 2-a-hAr g ( CH2CF3 ) 2-Gly-Cy's-Phe- 
n-Trp-Lys-Tht-Cys-Thr-NH2 ; 

N-Ac-E-hArg (CH2CF3 ) 2-12-hAr g (CH2Cr3 ) 2-Gly-Cys- 
Phe-ETrp-Lys-Thr-Cy's-Phe-NH2 ; and 

N-Ac-E-hAr s < Et 2 ) -a-hAr g (Et 2 ) -Gly-bys-Phe-aTrp-Lys-TUr - 
Cy's-Thr-NH2» 
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and the pharmaceutical ty acceptable salts thereof. 
8. A compound of the formula: 



5 




and the pharmaceutically acceptable salts thereof, wherein 
X is an N-terminus anchor; 
10 Y is a C-tenminus anchor, G-l or alcohol of G-l; wherein at least one of X and Y is a cationic anchor; 
D is Phe. Tyr. pF-Phe, pCI-Phe; 

E is Lys or Lys(Ri ) where Ri is a lower aikyl or fluoroalkyi of from 1 to 8 carbon atoms; 
F is Thr. Val, Sen 

G is D or L configuration of Thr. Phe. Nal(2), or (Gly)m, and m is 0 to 3; and 
15 I is -OH. -NHR2 where R2 is H or a substituent selected from Ri above. 

9. The compound of claim 8 wherein X is an N*^-alkyl-basic amino acid radical attached to the Cys 
moiety either directly or through a spacer. 

10. The compound of claim 9 wherein 
X is A.(BU-(C)„ • 

20 where A is acyl or H; 

B is hArg(Ri.R2). Arg(Ri.R2) or Lys(Ri), where Ri is lower alkyi or fluoroalkyi of from 1 to 8 carbon atoms 
and R2 is independently H or Ri ; 
m is an integer from 1 to 3; 
C is Gly, Ala. jS-Ala; and 
25 n is an integer from 0 to 5. 

11. The compound -of claim 10 wherein 
XisA-(BMC)„ 

where A is acyl or H; 

B is hArg(Ri,R2). Arg(Ri,R2) or Lys(Ri). where Ri is lower alkyi or fluoroalkyi of from 1 to 8 carbon atoms 
30 and R2 is independently H or Ri ; 
m is an integer from 1 to 3; 
C is Gly, Ala. iS-Ala; and 
n is 0 or 1. 

12. The compound of any one of claims 8 to 11 wherein Y is a C-terminus anchor of the formula A-(B)- 
35 m-(C)n where A, B. C, m and n are as defined in claim 10. 

13. A compound of claim 8 wherein the dodecapeptide analog is selected from: 



40 



X«Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys-OH; 




45 



X-Cy's-Lys-Asn-Phe-Phe--Ii-Trp-Lys-Thr-Phe-Thr-Ser-n-Cys-OH; 
and 



50 




wherein X Is the cationic anchor. 

14. A process for preparing a compound of the formula: 



55 
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:.Cys-D-Ii-Trp-E-F-Cy's -T < I ) 



X- 

^ wherein. 

X Is an N-terminus anchor; 

Y is a Oterminus anchor. G-l or alcohol of G-l; wherein at least one of X and Y is a cationic anchor; 
D is Phe, Tyr. pF-Phe. pCI-Phe; 

E is Lys or Lys{Ri) where Ri Is a lower alkyi or fluoroalkyi of from 1 to 8 carbon atoms; 
F is Thr, Val. Ser: 

G is D or L configuration of Thr. Phe. or Nal(2); and 

I is -OH or -NHR2 where R2 is H or a substituent selected from Ri above; and pharmaceutically acceptable 
salts thereof, 

which process comprises: 

(a) removing protecting groups from a compound of the formula* 



10 



15 



20 



(pl) .^x— Cys— D— a-Trp— E— F— Cys~T~(S ) J 



1(P-)^ 



25 



wherein, 

X, Y. D, E and F are as defined above; 

p\ F«. P' and P* are protecting groups wlierein P' Is an a-amino protecting group, P^ is a hydroxyi 
protecting group. P' is an N'^-protecting group and P* Is an «-amino protecting group; 
s is a carboxyl protecting group; and 

each of a, b, c. d. e and f is an integer equal to 0 or 1 . provided that all of a to f cannot be 0; or 

(b) simultaneously removing protecting groups and a polymeric support from a compound of the 
formula: 



35 



(pl ) dys— D~E-Trp— E— F— Cy*s— T~ (S ' ) 



<^ >d 



wherein, 

^6 X Y D. E, F, P\ P2, P3 and P* are as defined in paragraph (a) above; 

each of a.'b,'c, d and e is an integer equal to 0 or 1 , provided that all of a to e cannot be 0: 

S' is a polymeric support; 

or 

(c) removing a polymeric support from a compound of the formula: 



X— Cys~D— a-Trp— Cys— T— (S • ) 



wherein, 

X. Y, D. E, F and s' are as defined in paragraph (b) above; or 

(d) oxidizing a compound of the formula: 

X-Cys -D-D-Trp"E"F"Cys -Y 
I — I 
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wherein. 

X, Y, D. E and F are as defined In paragraph (a) above; or 

(d) converting a compound of the formula I to a pharmaceutically acceptable salt; or 
' (e) converting a salt of the compound of the formula I to another pharmaceutically acceptable salt; or 

(f) converting a salt of the compound of the formula I to the free peptide. 
15. A process for preparing a compound of the formula: 



10 



X-Cys-Lys-Asn-Phe^D~D-Trp-E-F-Phe-Thr-Ser-Cys-T (II ) 



wherein 

X is an N-terminus anchor; 
IS Y is a C-terminus anchor,G-l or alcohol of G-l; wherein at least one of X and Y is a cationic anchor; 
D is Phe. Tyr, pF-Phe, pCI-Phe; 

E is Lys or Lys(Ri) where Ri is a lower alkyl or fluoroalkyi of from 1 to 8 carbon atoms; 
F is Thr, Val. Ser: 

G is D or L configuration of Thr, Phe, Na!(2). or (Gly)m. and m is 0 to 3: and 
20 I Is "^H." NHR2 where R2 is H or a substituent selected from Ri above, and the pharmaceutically 
acceptable salts thereof, 
which process comprises: 

(a) removing protecting groups from a compound of the formula: 



25 



(pl ) «x-<^ys-Lys-Asn-Phe-D-n-Trp-E-F-Phe-Thr-Ser-Cy s-Y-(S ) ^ 



30 



(P^) 



S 



95 
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wherein, 

X, Y. D, E and F are as defined above; • , , u ^ i 

P\ P2. P3 and P* are protecting groups wherein P^ is an a-amino protecting group. P* is a hydroxy! 
protecting group, P^ is an N"^-protecting group and P* is an e-amino protecting group; 
S is a carboxyl protecting group; and 

each of a, b, c, d. e, f. g, h and i is an integer equal to 0 or 1. provided that all of a to i cannot be 0; or 

(b) simultaneously removing protecting groups and a polymaric support from a compound of the 
formula: 



45 



SO 



( pi ) ^-x-Cy s -Ly s -Asn-Phe-D-2-Tr p-E-^-Phe-Thr -S ^ t -Cy s -Y- ( S ■ ) 



(P^)h kp^)f 

(p2)c (P')e 



.F-Phe-Thr-S| 



(P^) 



g 



wherein, 

X, Y. D, E. F. P', P2, P' and P* are as defined in paragraph (a) above; 

each of a. b, c, d. e. f, g and h is an Integer equal to 0 or 1. provided that all of a to h cannot be 0: and 
s' Is a polymeric support; or 

(c) removing a polymeric support from a compound of the formula: 
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X-Cys-Lys-Asn-Phe-D-n-Trp-E-F-Phe-Thr-Ser-Cj/s-T-CS' ) 



wherein. 

X. Y. D. E, F and s' are as defined in paragraph (b) above; or 

(d) oxidizing a compound of the formula: 
X'Cys -Lys-Asn-Phe-D-D-Trp-E-F-Phe-Thr-Ser-Cys -Y 

10 ,SH 
wherem. 

X. Y. D, E and F are as defined in paragraph (a) above; or 

(d) converting a compound of the formuia II to a pharmaceutical ly acceptable salt; or 

(e) converting a salt of the compound of the formula II to another pharmaceutically acceptable salt; or 
(0 converting a salt of the compound of the formula II to the free peptide. 

16. A compound of any one of claims 1 to 13 for use as a pharmaceutical. 

17. A pharmaceutical composition comprising a pharmaceutically acceptable earner and a compound of 
any one of claims 1 to 13 and/or a pharmaceutically acceptable salt thereof. 

18. A method of preparing a pharmaceutical composition wherein a compound of any one of claims 1 to 
13 and/or a pharmaceutically acceptable salt thereof is combined with a pharmaceutically acceptable 
carrier 

19. The use of a compound of any one of claims 1 to 13 and pharmaceutically acceptable salts thereof 
In the manufacture of a medicament for treating ulcers, tumors or diabetes. 
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